Summary.-Thirteen biochemical parameters (viz. glucose, calcium, inorganic phosphorus, urea nitrogen, uric acid, cholesterol, albumin, total protein, total bilirubin, alkaline phosphatase, lactate dehydrogenase, aspartate aminotransferase, and alanine aminotransferase) were determined in serum and partly in liver of rats 1-28 days after i.p. aflatoxin B1 (AFB) (3 mg/kg). Histological examinations of the liver were also made in parallel to the biochemical studies. In the serum, enzyme activities and total bilirubin level increased and peaked on the 2nd day, while other parameters showed diverse changes after AFB treatment. On the other hand, activities of aspartate aminotransferase and alanine aminotransferase in the liver significantly decreased and reached a minimum on the 2nd day after AFB administration. The depression of the liver enzyme activities persisted over 7 days. The liver protein content also reduced transiently during 1-1-5 days. However, all biochemical parameters returned to normal levels 2 weeks after treatment, and remained so throughout the rest of experimental period. Histological changes in the liver were very similar to those reported by others.
AFLATOXIN B1 (AFB)-a metabolite of the mould Aspergillus flavus is the most potent liver carcinogen known for the rat (Wogan & Newberne, 1967) and has been suspected of being a primary cause of human liver cancer in certain areas, particularly in Africa (Wogan, 1974; Peers et al., 1976) . The metabolism and the biochemical effects of AFB are well documented and reviewed (Wogan, 1968 (Wogan, , 1969 (Wogan, , 1973 Campbell & Hayes, 1976) . A major AFB-nucleic acid adduct has been identified recently in vitro and in vivo (Essigmann et al., 1977; Martin & Garner, 1977; Lin et al., 1977; Croy et al., 1978) . Furthermore, histological studies on the sequential alterations produced by AFB (Butler, 1964) and fluorescence microscopic studies on the cellular localization of this carcinogen (Stora et al., 1979; Stora, 1980) have been reported. However, the AFBinduced liver biochemical changes reported previously were confined to the initial fewv days of the acute injury stage (Shank & Wogan, 1966; Svoboda et al., 1966; Clifford & Rees, 1967) . Since available information does not establish the correlation between sequential biochemical and histological changes in rats treated with AFB, we have undertaken an investigation of the sequential effects of the toxin on the biochemical parameters in the serum and the biochemical and histological characters in the liver of rats for a period of 28 days after a single dose.
MATERIALS AND METHODS
Animal and tissue preparation.-Male Sprague-Dawley rats, weighing 100-120 g, were used in the experiment. Animals were fed on the "chick diet" containing about 20% protein (supplied by Taiwan Sugar Corp., Taipei) without restriction. AFB dissolved in dimethylformamide (3 mg/ml) was administered i.p. at a dose of 3 mg/kg body wt. We adopted this dose in the present study to reduce animal loss and toxin waste, because our preliminary experiments indicated that if the dose was increased from 3 to 4 mg/kg, the mortality increased within 7 days after treatment from 12% (of 92 rats) to 58% (of 151 rats). Most of the death occurred 1-3 days after AFB administration, and rarely after 7 days. Control animals received an equal volume of solvent, dimethylformamide, and both groups of animals were maintained under identical conditions throughout the period of the experiment.
Overnight-fast animals were killed under ether anaesthesia at the indicated intervals after AFB administration, and the blood samples were collected by cardiac puncture. King (1965) , and total bilirubin (T. Bili) by the method of Morin (1973) , alkaline phosphatase (ALP) by the method described by Bowers & McComb (1975) . Lactate dehydrogenase (LDH) was determined by the method described by King (1965) with a change of temperature from 25°C to 30°C in our assay.
All enzyme activities determined in this study were expressed in units. One unit (U) of enzyme is defined as the amount that catalyses the transformation of 1 ymol of substrate/min under the described assay conditions. Protein contents in sera and liver homogenates were determined by the Lowry method using bovine serum albumin as a standard. Serum albumin, glucose, cholesterol, calcium, inorganic phosphorus, urea nitrogen and uric acid were determined by Technicon SMA 12/60 Autoanalyzer as previously described (Lee et at., 1977) .
Histology.-A piece of liver from each animal used for biochemical determinations was fixed in neutral 10% formalin, embedded in paraffin, sectioned at 5-7 um and stained with haematoxylin and eosin.
RESULTS

Body weight
The body weight of AFB-treated rats decreased and reached a minimum on the 2nd day (weight loss about 14 g per animal), then gradually increased thereafter. However, the growth rate was slightly lower than that of control animals and the body weight never reached that of control animals throughout the rest of experimental period ( (Fig. 2) while liver ALT and AST activities significantly decreased, reaching a minimum on the 2nd day after AFB treatment (Fig. 3) Alkaline phosphatase and lactate dehydrogenase. Serum ALP and LDH activities of the AFB-treated rats significantly increased and peaked on the 2nd day, at 343 and 237% of control groups, respectively, and then decreased gradually (ALP much more slowly than LDH) (Table II) . By contrast, no significant change was seen for liver ALP and LDH over 10 days from dosing (Table II) .
Other serum biochemical parameters. Alterations of serum, inorganic phosphorus, glucose, cholesterol and albumin are shown in Table III (Wogan, 1968 (Wogan, , 1969 Akinrimisi et al., 1974; Yu, 1977) . However, studies of AFB action on protein synthesis and protein content in the rat liver have yielded contradictory results (Clifford & Rees, 1967; Shank & Wogan, 1966; VillaTrevino & Leaver, 1968; Ramachandra Pai et al., 1978) . In concerning the effect of AFB on liver protein content, some reported no significant effect (Shank & Wogan, 1966) but Ramachandra Pai et al. (1978) showed a significant decrease on Day 1 after dosing. In the present study, a transient but significant reduction (10-15%) of liver protein content occurred on Day 1-] 5 after AFB treatment (Table I) ; moreover, the serum protein level decreased significantly on Day 1 and during 4-7 days after dosing (Table I) . The serum albumin also showed a fall at 4-7 days (Table III) . These results indicate that AFB has a transient but significant effect in lowering serum and liver protein contents in the rat.
The present study showed that the activities of serum ALT, AST, LDH and (Fig. 2) AFB is a relatively specific hepato-toxic agent (Butler, 1964; Clifford & Rees, 1967; Wogan, 1969 Wogan, , 1973 (Fig. 3) , indicate that AFB has a rather long-lasting toxic effect on the liver tissue, although AFB has been shoivn to be rapidly absorbed, metabolized and removed by the rat liver Wogan, 1969; Unger et al., 1977; 1977 
